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The present invention has for its object a switching
system applicable to automatic telephony and such like
techniques, and one of its main features is to provide
such a switching system wherein it is not necessary: to
have free selection in the connecting operations between
calling and called subscribers or, in other words, that
type of selection wherein the busy or free condition of
the called subscriber line is unknown during-the selection.

The invention also involves methods for establishing
a comnection between two subscribers of an automatic
telephone exchange while using switching devices known
in the art.

From the following description it will be appreciated
that the present. invention permits important savings in
the number of switching devices to be set up in.a central
exchange for establishing a connection between two. sub-
scribers.

One hundred point selecting devices may be used as
connectors or final selectors in known systems to. make
two selections in a decimal system, two switching devices
being: therefore sufficient to reach any subscriber of a
10,000 line exchange. It follows that 2 selecting device
cannot be seized a priori to provide .a connection before
the wanted direction is known, since the switching device
gives access to only one line of the said direction or to
a small number of such lines, these lines having a high
efficiency and having therefore a high probability of being
busy. It is therefore necessary to test for the switching
chain to be used from the calling to the called subscriber,
before seiting up the connection. A prior- connection
of the calling subscriber to a register. will take place.to
enable this subscriber to indicate the number of the
wanted subscriber. The digits of the wanted subscriber
are stored in a register which then determines the -switch-
ing chain to be used. In a 10,000 subscriber exchange,
the chain to be used therefore comprises two switching
devices (100 point switching: devices if the- subscribers
are grouped by 100). These switching devices will here-
inafter be termed “connectors” and a cord circuit. is con-
stituted by two selectors permanently . interconnected,
each of which permits to reach the conmectors of the
calling and of the called subscribers respectively. The
number of switching devices, which are in fact used to
set up a connection is therefore four, whereas it would
be five at least in known systems using 100 point switch-
ing devices. Besides any cord circuit. may provide any
connection and these devices will, therefore have a very
high efficiency. Consequently, the switching chain is
symmetrical with respect to the calling and called sub-
scribers and the system permits the use of the same devices
as finders, and final selector switches, in known automatic
telephone systems. That is the reason why the term
“connector” will be used hereinafter.

It is advisable however to know that the cord circuit
will provide a selector on the side of the called subscriber
and a selector on the side of the calling subscriber, the
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and connectors.  As it. will be explained later on, the
connectors may- be considered as constituting substan-
tially a perfect group, whereas in known systems the con-
nectors. (in.the meaning-in which the word is generally
used in.automatic telephone) are only reached through
10 directions. '

According to one: of its features, the invention pro-
vides. a method for establishing a connection between a
calling and a.called line in an automatic telephone sys-
tem through a conmecting chain consisting in selecting
of a chain adapted to effect the connection prior to effect-
ing-the: switching operation.

According ‘to another feature, the invention provides
a method of reducing the number of switches used for
setting up a connection between a calling and a called
line in' an automatic telephone exchange, consisting in
using the same switching devices for setting up the con-
nection either to the calling subscriber or the called sub-
scriber, whereby ensuring the symmetry of the connect-
ing chain.

‘The invention will be best understood by reference
to ‘the following description based on the accompanying
drawings which represent, by way of example, an em-
bodiment of the invention, and in which;

Figures 1, 2, 3, 4, 5'and 6 show different junction dia-
grams according to the present invention;

Figure 7-shows a mechanical distributor; .

Figures 8, 9 and 10 show more detailed junction dia-
grams according to the present invention;

Figure 11 is detailed cireuit showing the initial con-
nection;

Figures 124 to 12f show a register circuit;

Figures 13 and 14 show detailed circuits of a register;

Figures 154 and 15b show a cord circuit.

In Fig. 1, Gi and Gv represent a set of connectors 1,
2, x, y, for the hundred u, and for the hundred v. The
cord circuits are represented in Ci,1, Cu,z, Cxy, Cyx, the
cord circuit Cxy being the one used to connect up the
connectors of range x, on the side of the calling subscrib-
er to the connectors of range y on the side of the
called subscriber. Finally one of the registers E is also
shown. This register may have access to anyone of the

" cord circuits through a finder switch.
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system permitting, if necessary;. to- use separate finders

If, in the centra}l exchange considered, special services
are-provided, or if this central exchange is part of a net-
work comprising other exchanges, for the outgoing com-
munications, two solutions are permissible and can be
used jointly or separately, according as to the results of
the computation concerning the importance of the traffic
to be handled and as to the degree of saving to be a-
chieved:

(a) Certain azimuths or directions on the selector of
the cord-circuit: on the called subscriber side will be al-
loted for special services or for outgoing calls. If the
installation is limited to a capacity of 9000 lines it will
be seen that there will be ten directions or azimuths
available for this purpose on each cord circuit. Fig. 2
relates to-this arrangement and shows a calling subscriber
“r” and a called subscriber “e.” The cord circuit is used
for local calls and for outgoing calls. The angular di-
rections or azimuths of arc “s” are reserved for the con-
nectors of the exchange, and those of arc “b” for outgoing
trunks. E is a register.

(b) Bach outgoing line or special service line will
terminate on-a selector (which will be termed “half-cord
circuit”) permitting the calling subscriber to be reached.

In Fig. 3, C1 represents a cord circuit allotted to local
call and Cz a half-cord circuit allotted to outgoing calls.
S'is an outgoing trunk. The setting up of a connection is
made as:follows (see Figs. 4 and 5).

1. A subscriber “r” is seized according to known tech-
nique by a register E through a connector associated with
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a cord circuit C and one (or two, if the number of cord
circuits justifies) of the register finders,

Fig. 4 represents the case of two register finders D1, Do,
In another case the connector B will be directly taken
into use by a finder or two register finders (D1, D2) by
means also known (Fig. 5). One or the other alterna-
tives will be chosen as to which is most economical, ac-
count being taken of the number of subscribers, of the
traffic to be handled, and of the simplification of the
cord circuits to carry out an operation in the second alter-
native. On Figs. 4 and 5 there are shown sets of two
register finders. After connection to the register, the
subscriber may dial.

2. As scon as the register has received sufficient in-
formation (hundred digits of the called subscriber for a
local call, ontoeing direction in the case of a connection
for a subscriber belonging to another exchange), the
chain to utilise is searched for. The cerd circuit is se-
lected and taken into use by the register of a second reg-
ister finder (or a second set of two register finders).

Figs. 4 and 5 represent in F1, Fe, sets of two finders
having this function; afterwards the orientation operation
of the cord circuit takes place.

3. The connectors on the side of the calling and called
subscribers are also put in motion and set up, and after-
wards the chain which has been used for the recording
of the number of the called subscriber is released.

4. The register is released. The normal operation of
transmission of ringing current and eventually of meter-
ing impulses take place. The essential operation consists
in the choice of the free cord circuit giving access to 2
free connectors for the hundred digits of the calling and
called subscribers. A process for making this choice is
illustrated in Fig. 6. This diagram is established for the
alternative shown in Fig. 4. The alternative shown in
Fig. 5 would lead to an analogous diagram and to simi-
lar explanations. On Fig. 6 there are shown connectors
R, Re, Rs, for the hundred digits of the calling subscribers
and Ei, Eg, Bs, for the hundred digits of the called sub-
scriber. There will also be seen on this figure a register E
with a rotating switch Ci1 which receives the digits corre-
sponding to the hundred digits of the called subscribers.
C is a cord circuit and D is a register finder used for the
connecticn of the calling subscriber to the register. As
soon as the digits are received, the register applies to
point “g” recurrent pulses the position of which, with
respect to a reference cycle, characterizes the register, as
it will be explained later, or one terminal of an alternat-
ing current source, the frequency of which characterises
the register is connected to point “a.” The term “signal-
ling” used hereinafter will designate one or the other of
these sources. The letters pi1, p2 designate the poles of
this signalling source. In point “g” are the connections
from switches Ci of all the registers and comprising the
same hundred.

The circuit a, a3, represented on the Figure 6, is made
up in the following way; “a” is a branching point reserved
for the hundred digits. From “a” are branched as many
connections a, ai, as there are connectors in the hundred,
that is “n.” A connection is opened when the connector
to which it belongs is busy a1 is a branching point reserved
for each coanector. From a: are branched connections
a1, a3, the number of which is equal to the number of cord
circuits with which the connector is associated on the
called subscriber side. If p is the number of cord circuit
and g the number of hundreds, the number of connections
a1, a3 is p multiplied by ¢. Each one of these connections
comprises a resistance r, the middle point of which a2 is
accessible, a3 is a branching point reserved to a particular
cord circuit on the side of the called subscriber. In point
as are branched all the connections a1, a3, corresponding to
the various connectors (whatever the hundred may be)
to which lead the cord circuits on the side of the called
subscribers. Points b, b1, be, bz . . . correspond respec-
tively to points a, a1, a2, a3, the connection comprising
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5 capable of establishing a connection.
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the same elements being made up in a symmetrical way,
but the portions b, b3, correspond to the side of the call-
ing subscriber on the cord circuit. Finally, the connec-
tion fbs is broken when the cord circuit is busy. It will
therefore be seen that the circuits shown in e, as and Db, f
correspond to an automatic chain permitting the connect-
ing up of the calling and the called subscribers. The con-
tinuity of the circuits is provided if all the corresponding
devices are free, then if signalling current is applied to
point a (by means of C1) and to point b (by means of
D and C), this signalling current appears simultaneously
in points f and as of the cord circuit corresponding to pos-
sible chains. The register will connect itself to one of the
cord circuits through switches D and thus will cause the
selectors on the calling and called subscribers’ sides to
proceed with the necessary selections. These selections
will be made quickly. However, if during the interval one
of the connectors were taken into use for another connec-
tion, a new cord circuit capable of providing the connec-
tion would be chosen.

The detail of the operation for the choice of a suitable
cord circuit and for the orientation of this cord circuit is
shown on Fig. 10. In the two alternatives for the connec-
tion of the calling subscriber to a register (Figs. 4 and 5),
an additional register finder is necessary (or a set of two
if the number of cord circuits justifies) for the connection
of the register to the cord circuit which will be used by
responsive device ¢ in disposing of the connection. ~This
is already shown on Figs. 4 and 5 by switches F1, Fa. It
will be seen therefore that the choice of a cord circuit
and the orientation thereof may be made during the
time that the calling subscriber sends the last digits of
the number of the wanted subscriber.

Fig. 8 is established for the same case as Fig. 5; the
cass of Fig. 4 would lead to analogous explanations.
In Fig. 8 certain details of Fig. 6 as the circuits a1, a3
and f, b are not represented, but the banks of the rotat-
ing switches are partially detailed whereas these were
represented only by half a circle on Fig. 6. Letter C
followed by an index designates a switch. The banks
of switch C3 for example, will be designated by C’s,
C'3, C"’s, etc. Cu1 is the connector through which the
connection with the register is established by means of
the two finders Csz and Cs. Cu1 is an ordinary connector
C1 is a switch on
which are received the digits sent by the subscriber, and
designating the hundreds of the called subscriber or of
the outgoing line. If several digits are necessary for
this purpose these digits are first received on decimal
switches which will afterwards permit the orientation of
Ci. It is in points g and f of the register E that will
be applied the signalling current for finding the cord
circuit; this signalling current is obtained through
switches Cs and Cs or more precisely by banks C’’s and
C”s and C’s and C’s. When relay » operates, the rota-
tion is interrupted and the cord circuit is suitable. In
order that the signalling current coming from another
register does not operate the relay, there is provided in
the device ¢ either a contact that will only be closed at
the moments where the recurrent pulses characterising
the registers are applied on the register considered (this
contact will be conveniently constituted by the cathode-
anode space of a triode, the grid of which will be con-
trolled by a shunting circuit from the recurrent pulses
generator), or, in the case of a frequency proper to a
register, a resonant circuit tuned to the frequency con-
sidered. Besides, to prevent in certain arrangements
the passage of the signalling current emanating from
another register between the points f and g, for instance,
it is necessary that the current source providing the
signalling current has a high impedance for the signal-
ling current outgoing from another register, and this is
obtained from the recurrent pulse generator, and this
will be obtained in the case of frequencies by the inser-
tion of a resonating circuit in ¢ or f. In Fig. 8, FL,
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FC and FT designate tespectively the wires of the. line,
the control wire, and the. metering wire.

The following problems have now to be solved: orien-
tation of the cord of the cailing and of the called sub-
scribers and then orientation. of the connectors.
the orientation on the side of the calling subscribers it
is -necessary to identify the calling subscriber. unless a
marking system by recurrent pulses is used.

The problems of the identification of the calling. sub-
scriber and of the orientation of the switches. by their
register. when the. required numerical elements are given,
are well-known problems which may be solved in many
ways. I shall describe hereafter.a solution. using. Te-
current pulses. The principle -of this method. consists

-of the use, in controlling opérations, of the same. battery
. (which may be the- central battery of the exchange, for

instance) by each register successively. - At..a - given
moment only one register makes use -of -the battery.
Each - register receives thus pulses -of duration ¢, two

successive. pulses being separated-by a time T. The time:

T must be sufficiently short to enable the. respective- re-
lays to-be locked between two pulses;, and - moreover
to ensure that during the time -required for: passing .a
given: terminal of a switch, two, three. or four pulses

may - be -transmitted in- order that the stopping -on: this.

terminal may be.definite.

If -this speed of the switch is- 50 steps::per:second,
for instance; T shall be:Wgo-to 4eo of 4. second. On:the
other hand, if m registers are available, ¢ should be
chosen less

T

m
Furthermore, the power received by the relays will be
) T

4

times smaller than ‘that-which: would-have been received

from " a continuous battery having the same: voltage.
This power will thus be the same as that of continuous
battery having a potential .

T

t
times smaller. For equal resistances, the relays- should
be designed accordingly: One can choose
i
i

If m equals 25, for example, and T equals Y450 sec., ¢

- equals 14750 will result. A -practical means for effecting

this arrangement consists: in using a rotating -machine
provided witha connector, ‘each - blade of “which is con-
nected to the register. In the example chosen; 25 blades
are used. ‘The brush is connected to the battery; the
speed of rotation is 150 turns per second, that is 9000
turns per minute,

The distribution of the pulses may - be- realized by
means of a mechanical distributor design, according to

Figare 7. On this figure, there has been shown a- motor.

driven rotor C. A metallic sector S -of this rotor is
connected to the positive terminal of a_battery through
a ring' B, electrically- connected to sector S. A fixed
isolated ring E comprises as many brushes F as registers
of the exchange. The thickness of the sector S is less
than the distance between two adjacent brushes. These
brushes are connected to leads G, on which pulses ap-
pear, each pulse being used to characterize a register.
If the motor rotates at 600 R. P. M., two successive
pulses characterizing a register are separafed by Yoo
second.

It is to be noted that the distriSution may be made
from the negative terminal of the. battery, while using
the same device. The distribution of ‘pulses may - also

For -

10

15

20

25

:30

35

- 40

45

50

55

.60

-65

70

5

- 6

- be realized. by means .of . electronic components, as it is

well known in the art, For instance, by ‘using .a pulse
generator -which feeds. pulses.to a delay line:having, mul-
tiple taps, the propagation. delay between two successive

-taps being equal to the.interval of-time. between two ad-
‘jacent pulses. .The :pulses characterizing the registers

may also. be.obtained: from a-cathode ray tube used.as

-distributor, .the .pulses :obtained from this tube being

properly .amplified,

It- will be .also possible, -in: a-case -where. a practical
construction -is-difficult, to -use,:in place of.a single -bat-
tery.-successively distributed, : n independent -batteries,
each of -whichis: successively distributed to

n

registers. The ratio

T
T

will therefore be smaller,

Fig. 8 is drawn.in the case where recurrent pulses
are used. Assuming that the cord. has been chosen, the
orientation has to be effected. The connection of az
and bz on‘the control banks €7 and C'’s enables- the
orientation of the switches Cy and Cs to be used. At
points-£ .and. /- exists. the:potential- of the pulses a2 and
b2 when the switches pass over the azimuth desired
positions, and ‘the ‘stopping occurs-in a well known
manner.

The sending of the signals between points g and b-then
ceases. . In the case where, during the orientation of the
switches on the:side of the calling and called subscribers,
the cord or one of the respective: connectors might be
seized-by another communication, relay.r would fall back
and arrangement would be made so. that switches Cs and
Cs would start again. To orient to the connector on the
side of the called subscriber, the signals are applied to
point & by means of switch Cz. When the connector is
orient on the desired line, the signals are applied once
more at point. k, whereby stopping occurs. On the side
of the . calling subscriber ‘the operations are similar, and
the signals are transmitted by end C”1;. The orientation
of C may also be made in two steps; first the tenths, then
the. units, according to well-known methods. The selec-

tion'js then finished, .and the ringing of the called sub-

scriber and, if necessary, the metering are effected accord-
ing to, one of the well known . methods, In.the alternative

-embodiments: of Fig..4, the same arrangement. as in Fig,
-8-may be used, including--thefselector of. the . calling side

of. a cord-circuit-and .C3. a register-finder. (which may be

-replaced by two finders), if it is. found economical ac-

cording:to the amount. of traffic.

It is necessary to-eéxamine. particularly the case of. the
communication. of a.subscriber of one hundred to another
subscriber -in, the same hundred. - The register. must-be
informed-that such .a. communication is to-be made. Fig. 9
indicates the manner in which (in this case, a cord (x, x)),
the prevention of the completion of the communication,
may be avoided. The reference numerals are those of
Fig. 8; C55, Cds, Cds, C''1 are additional banks on switches
CS5, C3, C4, and Cl. The terminals of C4 and. C1,
corresponding to the same hundred, are conmected.

When such a call is effected, relay r3 is energized, and
therefore each time the brushes of the finder C5 pass on
an azimuth position corresponding-to a cord (x, x), relay
r4 is operated and closes contact s, ensuring the continua-
tion of the hunting,

The description of the operations -as described above
corresponds to the case of a.local- communication. which
is the more complicated from the point of view of choice
of chain. The cases of -outgoing, incoming and transit
communications, are.treated by very. similar means.

The. calculation of the probability. of a lost call in the
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present system is very mew with respect to the case of
known systems, because it is not a question of disposing
of a switch or of a connector for the calling and the
called subscribers during busy periods, but a complete,
free, chain must be found. The probability of a lost call
may be calculated as follows; it is the sum of the probabil-
ities that all the connectors in the number of n on the
side of the calling or called subscribers are busy, that is
2Xpn (pn, pa—1, pu-2 etc.) are the probabilities that n,
n—1, n—2 elements are busy, which are the probabilities

- given by the Erlang formula, plus, if only one con-
nector is free on each side, the product of the probability
of this fact (pa—1Xpu—1) by the probability that all the
cords connecting said connectors two by two are busy,
that is pr, r being the number of the cords which may
connect the two connectors, plus, if one of the connectors
is free at one side and two are free on the other side,
which may occur in two ways, according to the fact that
the called sides or the calling sides have only one free con-
nector, the result of the probability of this fact:

2X pn—1X Pn—2

by the probability that the 2r possible cords are busy, that

is p2r and so on. Thus

( 1) 2[)1z+ ([ln—l)2Pr+2Pn—1pn—2P2r+ (1)71—2) 2P4r+

2[)1:.—1+Pn—3P3r+ « ..
The reasoning leads to the following formula for pr
w2
m n

m=0

(2)

which becomes:

ORI

for the values of  which are not too high, a formula
which is further reduced to

r=()

n

when r(r—1) is small in respect to y. In the Formula 2,
v is the reduced traffic passing through the cords, and n
the total number of cords. The formula is consistent in
the case where the » possible cords are designated at
random, and may be repeated. It therefore leads to a
greater value in the present case where the connections
are made in such a way that their repetition is less fre-
quent than if given at random.

In particular cases numerical calculations show that for
usual traffic the sum of Formula 1 is of the same order
as 2pn. The calculation is to be drawn in each case. The
calculation of r which is the number of cords connecting
two determined connectors two by two, must be studied
particularly. Calculation will begin with number p of
cords, according to the usual probability curves, assum-
ing that the lost calls will be one third of the probability
of the total loss sought. If n?, 2r2, 3n? etc. . . . , are
obtained, then r equals 1, 2, or 3. This will not generally
be the case, and

P,=

L
n2

will not be a whole number. However,

_bp

L)
will be taken, and this number will be used in the above
formula, giving pr. A greater number will thus be ob-
tained for the loss probability, if the fecllowing precau-
tions are taken. Let us say that r=ri-+r', r1 being the
whole number immediately below » (r1 may be equal to
zero). Two connectors are therefore connected by at
least 71 cords. The group of the r'n% remaining cords
will comprise only cords (x, y) so that x or y are greater
than 11 which necessitates r’n2=n?—mn2. In other words,
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a connector having a rank superior to 11 will be connected
to all the other connectors by means of (ri-+1) cords,
while 2 connectors having a rank inferior or, equal to m
are connected only by r1 cords. In order that said con-
nectors might be, however, efficient, they will be used
first, particularly for the connection to the register. Thus,
the connectors having a rank superior to n1 will be kept
apart as having more possibilities.

The above considerations assume that only one connec-
tor in the hundred under consideration is connected on
the side of the calling subscriber, and only one also, on
the side of the called subscriber, in the cord. This may
not be the case if the number of subscribers is consider-
ably below 10,000. As will be explained later, outgoing
or incoming lines will be connected in certain cases. Sev-
eral connectors of the same hundred may also be con-
nected on the same side. The number r will thus be bet-
tered, and the probability of loss will be diminished.

The probability of loss in the case of cutgoing commu-
nications, incoming communications and transit commu-
nications is also to be examined. In the alternative em-
bodiment of Fig. 2 it will be seen that an outgoing line
or a special service line will be seized, only if one of the r
cords giving access to it is free. Fictitious traffic must
therefore be added to the actual traffic of the outgoing
lines, which fictitious traffic has for value, for each line,
the probability that the r cords are busy. It has been seen
that this probability is in the order of magnitude of

Y

=r
n

Since
Y
n

(which is the probability that a determined cord is busy)
is as near to 1 as # is high, r must be high, in order that
the fictitious traffic remains low. If z azimuth positions
are available for X lines, and if p is 2 number of cords,
then r equals

ZXp
X

In all cases, p is greater than X, but, if the traffic to the
considered direction is important with respect to the whole
traffic passing by the cords,

p

X

will not be much superior to 1, and r will be of the order
of magnitude of z. It is therefore seen that the said al-
ternative is convenient only for directions having a low
traffic, unless a considerable number z of azimuth posi-
tions is available, which will be the case if the number of
subscribers, that is, the number of hundreds, is low. In
the alternative embodiment of Fig. 3, on the contrary,
each line being provided with a switch, no fictitious traf-
fic is added to the actual traffic, and the number of lines
of the junction must be calculated according to the usual
curves for a perfect group. This alternative will thus be
preferred except in particular cases, since moreover, it al-
lows the simplification of the employed equipment, be-
cause of the specialisation of the operations, and since,
further, the total number of rotating elements in the ex-
change will be lower, as the outgoing communications will
stop only one rotating element, instead of two. The in-
coming lines of an exchange will be similarly considered.
Said lines may be seized by the local cords if on the side
of the calling subscriber, ten azimuth positions, for in-
stance, for each switch, will be reserved. Such cords will
ensure the transit traffic and the incoming traffic. For
the same reasons, as above indicated, this alternative will
be used only for particular cases.

Fig. 10 indicates the organisation of a great network,
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-wherein the communications between two exchanges A
and C, may be obtained by transit through a third ex-
change B; r1, rz are calling subscribers, e1, ez, e3, called
subscribers, CR are comnectors, CL local cords; CA in-
coming cords, CD outgoing half-cords, CT is a transit half-
cord, EL local and outgoing registers, EA incoming and
transit registers. In the case where two transits are re-
quired, a similar diagram would be used.

The operations necessary for local outgoing communi-
cations have already been examined. When an outgoing
line is seized, it is advantageous to ensure the communica-

_tion of the distant station on this line. Consequently said
line must be connected to a great number of cords or half-
cords, in order that a low probability of loss be ensured,
which necessitates that the incoming line come on the ele-
ments on which a great number of azimuth positions are
reserved for this purpose. Except in the case of excep-
tions; specialised incoming or transit. cords or half-cords
will be used, that is to say, that only incoming lines will
be .connected to the corresponding switches on the side
of the calling subscriber. The probability of occupation
of the r possible elements, which in-this case will all be
different, is

(1)

this probability will therefore be easy to calculate by means
of the Poisson function charts. Half-cords will be used
for transit communications and cord for the incoming
communications called for by incoming and transit regis-
ters. As indicated in Fig. 10 (exchange C) said elements
may be common for all the incoming directions. These
arrangements necessitate that between the transit exchange
and the incoming exchange an outgoing junction and a
transit junction be provided. But, it is to be noted that
nevertheless, there will be a gain in the number of junc-
tions in great networks with high traffic, with respect to
known systems, because in said known systems the junc-
tions are supplied with 100 azimuth positions at the most,
on condition that the switching stages be multipled. As
soon. as more than 100 junctions are available, said junc-
tions form several distinct groups. The specialization,
moreover, has the advantage that the line equipment is
simplified. Finally, the addition of a rotating element
(shown in dotted line in Fig. 10) enables the suppression
of said specialisation if desired. Among the different cases
which arise, it may happen that the transit traffic is too
high for P’r to remain sufficiently low for certain direc-
tions, that is:

n—r -
Y ana > e“-y—Y
n =" ml

near 1, and r not sufficiently high. This indicates that the
traffic destined for the direction under consideration is too
high.
stages could be multiplied or direct junctions could be
used. The use of direct junctions from A to C for in-
stance, is of particular interest in the present case: said
junctions will transit a given traffic indicated by probability

curves and the remaining traffic will be transmitted through’

transit and incoming links AB. Double hunting by in-
crease of the mumber of azimuth positions or groups of
transit cords instead of half cords, may be used, the num-
ber of cords being increased, if necessary, without in-
crease in the number of outgoing directions.

In the above description it has been contemplated to
use-one hundred step-by-step switches such as those used
in step-by-step telephone systems. It is obvious that
switches having an higher capacity can be used for the
connectors or simultaneously for the connectors and the
cord circuits; for instance two hundred point step-by-
step switches could be used in a 40,000 line telephone
exchange. On the other hand it may be of interest to de-

In conventional systems the number of switching.
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sign 1,000 line telephone exchanges by using 10 point
-step-by-step switches for the cords,

The settinig up of local and outgoing calls will now be
described. In the particular embodiment represented,
the number of cords is limited to 100 for 10,000 sub-
scribers .divided into 100 groups. If each hundred
group has 10 connectors, the selectors on the calling
subscriber side are divided in 10 groups. The selectors
on the called subscriber side are divided according to

the same way. It will be noted that the operations to

be carried out are the following: when a subscriber r
places a call, he is connected to a register E (see Figs.
2 to 4) through a free connector of a free cord and
through a register finder F. This connection is called
originating connection. :
The register E then receives the digits of the called
subscriber’s number. As soon as the two first digits are
received, it is possible to. determine the chain to be
used. The cord C which has been-used for the originat-
ing. connection to the register, gives access on the called
party side to a connmector of the hundred group to
which the called subscriber belongs. If this connector
is available, it is the cord C which will be chosen to
handle the call; if not, a free chain is hunted for through
a finder D which is independent of F. The register con-
trols. the setting up of the selectors and of the con-
nectors on the calling subscriber side, under the super-
vision of the position of the switching devices which
have been used for the orginating connection to the regis-

-ter; on the called subscriber’s side, the register controls

the setting up of the selectors and of the connectors ac-
cording to the digits received. The register is released as
soon as it has tested the availability of the called. sub-
scriber. The cords giving access to the same connectors
on the calling party side are called “group of cords.”

Figure 11 shows how the originating connection of
a subscriber to a register is realized. The rectangles in
dotted lines represent the following components: AB,
a subscriber equipment comprising the line relay 1, the
1,000 ohm cut off relay 2, and line wires A and B; CM1
the starting circuit which is common to one hundred
group and comprises a call relay 1, relays 2, 3 and 4
and an 11 point switch R1 with its brushes r11, r12, r13;
CR,.a connector comprising the test relay 1, the connec-
tion relay 2 and the 100 point rotary switch R2 with its
brushes r21, 22, r23; CC, part of a cord circuit com-
prising a test relay 1, a relay 2, a supervision relay 3,
a relay 4 for the connection to the register, a busy re-
lay 5, a connection relay 6, and a 100 point switch R3 on
the calling party side, with its brushes r31, r32, r33;
CM2, a starting circuit of the cord circuits comprising
starting relay 1, a busy relay 2 which operates when all
the cords of the groups are busy; and E, part of a
register comprising a test relay 1, a starting relay 2 and
a 100 point switch R4 with its brushes rd1, r42, r43 and
r44.

Whern a subscriber places a call, its relay 1 operates
and controls the operation of relay 1 in CMI.

The switch R1 marks a connector in the hundred group
through its brushes r11, r12, r13, and the group of cords
giving access on the calling subscriber side to this con-
nector through its brush r14. - This switch R1 steps for-
ward if one of the relays 2 or 3 is operated. The re-
lay 3, the resistance of which is 50 ohms, does not op-
erate in series with relay 1 of group CM2, the resistance
of which is 5,000 ohms, but it operates if relay 2 of this
group, which marks the full occupation of the group,
is operated. Relay 2 in CM1 operates only if relay 2
in the connector CR is energized. Switch R1 therefore
marks, through its brushes, a free commector which is
connected on the calling subscriber’s side to at least a
free cord. In this position relay 1 in CM2, which is
connected in series with relay 2 in CMI1, operates. and
through it makes contacts it places a ground potential
on a wire connected to all the cords of the group. In
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the cord CC this wire is connected to switch R3 which
is energized when it finds a battery potential through
break contacts of relay 1 and of relay 5. If the cord
is available, which is characterized by the fact that the
relays 1 and 5 are unoperated, the switch R3, and all
the corresponding switches of the free connection circuits
in the group, step till relay 1 of one of these switches
operates and opens the energizing circuit of correspond-
ing switches R3. The test relay 1 operates as soon as
R3 reaches a position corresponding to a free connector,
which is characterized by the fact that relay 2 is un-
operated. In this case, the 100 ohm relay 4 is reached
through brush 733 and brush ri2 of CM1 and on the
other hand a battery potential is found through make
contact of relay 1. Relay 1 in CC and relay 4 in CM1
operate simultaneously. Relay 1 in CC stops the rota-
tion and shunts its 300 chm winding with its 6 ohm wind-
ing so that if another cord circuit reaches the azimuth
position corresponding to the seized connector, the po-
tential on brush 733 is very close of ground and is in-
sufficient to operate relay 1 in this second cord circuit.

Through a make contact, the relay 4 in CM1 places a
ground potential on a terminal of switch R2 of the
connector, which energizes through break contact of re-
lay 1 and break comtact of relay 2. The stepping is
stopped when relay 1 operates due to the fact that it finds
a battery potential through break contact of relay 2, rec-
tifier C5, brush 723 and a 100 ohms resistance, if the re-
lay 1 is operated in the subscriber’s circuit to which the
connector CR is connected, that is, if the subscriber is
placing a call. If the subscriber is not placing a call,
the potential on brush 23 is a battery potential through
1,000 ohms, which is the resistance of relay 2 in equip-
ment AB. Under these circumstances, relay 1 in CR
and relay 2 in CB do not operate.

If R2 is set up on the azimuth position corresponding
to a calling subscriber, the hunting is stopped. Through
a make contact of relay 1 a battery potential is connected
to relay 2, which is, in other respects, connected to ground
potential through the 6 ohm winding of refay 1 in CC.
Under these circumstances, relay 2 operates and releases
relay 1 after having controlled a make contact which
replaces the battery potential which was connected by
make contact of relay &. Relay 2 brings terminal 713 to
busy ground potential. Relay 2 in AB is connected
through R23 to the ground potential through the 6 ohm
winding of relay 1 in CC and it operates. The line relay
of the subscriber, disconnected, releases and relay 1 of
CM1 releases if there is no further call waiting in the
hundred.
CC operates, relay 2 of this cord operates and causes the
starting of all the switches R4 in the available registers,
an available register being characterized by the fact that
its relays 1 and 2 are not operated. The switch R4 starts
hunting. It stops when brashes r41 find a battery poten-
tial through 106 ohms characterizing the calling cord cir-
cuit {make contact of relay 2, break contact of relay 6).
Relay 1 in the register which is similar to relay 1 is the
cord circuit and cperates in the same way, operates and
opens the R4 operating circuit. Relay 2 will operate
through a make contact of relay %, will connect brushes
R42 and R43 to supervision relay 3, while relay 4 in the
cord circuit which operates through a make contact of
relay 1 in the register, connects the subscriber’s line to
the refay 3 in the register.

Due to the delay of operation of relay 4 in the cerd
circuit, relay 3 in the register will be connected before
relay 4 operates, whereby avoiding any discontinuing of
ihe subscriber’s line supply, which during this time is pro-
vided through the windings of relay 3 in the cord cir-
cuit CC.

The cperation of the register is shown in detail in
Figures 124 to 12f; these figures give a detailed sketch
of the register which comprises two finder switches R4
(Fig. 12¢) and RS (Fig. 12b) which can be connected

On the other hand, as soon as relay 1 on cord ¢
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independently to any cord by means of the brushes. It
must be noted that these finder switches are in general in
different positions and are thus connected to two different
cords. The register further comprises:

¥our 11 point switches (X%, X2, Fig. 12¢, X3, X4,
Fig. 12f) adapted to receive the characters transmitted
by the subscribers. The drawing on the particular point
is self-explanatory. The pulses are directed by switch
X5 (Fig. 12¢) successively to switch X1 which receives
the first character, then to switch X2 which receives the
second character, and so on.

100 point switches Y1 (Fig. 12¢) and Y2 (Fig. 12f).
Y1 is adapted to mark by means of its bank y13 the azi-
muth positions from 00 to 99 corresponding to the hun-
dred group of the called subscriber. The first character
is marked on bank y11 by the bank x11 of switch X1
and the second character is marked on bank y12 by the
bank x21. Y1 operates as soon as the sequence switch
RS (which will be described later on) steps to position 1
through terminal 1 of bank 61. RS has also reached
position 1 when X51 reaches position 3, corresponding
to the reception of the ficst two characters. Relays 5
and 6 operate and stop Y1 when it reaches the wanted
position. Y2 is adapted to mark by means of his bank
y23 the number of the called subscriber in the hundred
group. Its setting is realized in a way similar to the set-
ting of Y1 when all the characters are received (position
5 of X5) under the supervision of banks x31 and x41 of
switches X3 and X4, by means of relays 7 and 8. The
marking wires from y13 are multipled on the banks y13
of all the registers and each lead is direcied to the group
of connectors of the corresponding hundred group at a
point having the reference at on Figure 6. To this point
al (Fig. 12b) are comnected as many wires al, a3 as
connectors in the hundred group. Each wire 4%, a3 com-
prises: a break contact of relay 2 in the connector CR3
(Fig. 12b), a resistor s1, a point a2, connected to control
terminals C of the selectors on the called subscriber’s side
of all the cord circuits giving access to the same connector,
those terminals marking the azimuth position of the con-
nector to which the point a2 corresponds. Between a2
and a3 is connected a rectifier C1 which allows the flow of
current in one direction only; the point a3 and the link
a3—a4 are common to all the cords giving access to the
same connectors on the called subscriber’s side.

Connections from a4, such as a4, 45, a6, are provided
between a4 and all the cord circuit giving access to the
same connectors on the called subscriber’s side.

Between a4 and 5 is connected a rectifier ¢’1l and
between a5 and a6 is inserted a break contact of relay 6
of the cord circuit. @5 is connected to terminal R46
(Fig. 124) of finder R4 and it will be used in position 2
of the sequence switch X6 (Fig. 12d) (test of the seized
cord), and a6 is connected to the terminal r51 of the
finder R5 and it will be used in positions 3 and 4 of the
sequence switch X6 (test of any cord).

EBach marking wire connected to the banks y23 in the
register is multipled cn the banks y23 of all the registers
and on the terminals R74, of all the connectors in an
azimuth position corresponding to its position on the
banks y23.

The register further comprises a test device adapted to
compare the phase and the magnitude of a pulse received
on a control wire. The device comprises a vacuum tube
TV1 (Fig. 12¢) having two control grids gi and g2.
The palses corresponding to the register are applied to
the control grid gi. The contiol grid g2 receives the
pulses sent out by the register after passing through the
different control circuits such as y13, a3, a2, ¢3 and r51.
Tube TV1 operates only if the pulses applied to g1 and
22 are in phase, whereby checking that the received pulse
is effectively the pulse sent out by the register. In cer-
tain supervision functions, the tube TV1 operates only
when the magnitude of the pulse received on g2 is greater
than a given value. If these requirements are fulfilled,



2,735,898

13
a negative pulse is.obtained at the anode of TV1 and is
transmitted to the grid of triode TV2 which is conductive
in the absence of pulses. - The tube TV2 being blocked,
a positive pulse is obtained at the anode of the tube and
is applied to the control electrode of a thyratron TH
which becomes conducting.

The electro-mecanic relay 9 (Fig. 12f) connected in
the anode circuit of the thyratron operates and it releases
only when the high tension is cut off.

The register further comprises a sequence switch X6
(Fig. 12d) which is constituted with an 11 point step-by-
step switch. It is well known that such switches using
shifted brushes give 22 positions.

The selection operations controlled by this sequence
switch are started independently of the reception of the
digits sent by the calling subscriber, as soon as the second
digits have been received. The banks are numbered
from x61 to x68. The contact established through
bank x61 will be termed x61n. The other banks are
used for the following functions: the bank x61 is used
to direct the pulses, received from the circuit to be
controlled, to the grid g2; the bank x62 is used to
moedify the bias of grid g2; the bank x63 is used to
send the pulses to the brush r45 of the finder R4 for
supervision function on the calling subscriber side—x64
is used to connect the pulses to the grid g1 when they
have been brought to proper magnitude by means of
resistors s3 and s4; the same bank is used to send
the pulses to banks y13 and y23 of the switches Y1
and Y2; the bank x65 is used to apply the high tension
to the anode of the thyratron and to cut off the high
tension circuit when it is necessary; the bank x66 is
used for the stepping X6 from one position to the next
one, under the supervision of relay 9, or to a position
in’ which the thyratron may be extinguished, the step-
ping to the next position following immediately; the
bank x67 is used to direct the wires controlling the
rotation to the break contact of relay 9; the bank x68
is used for different functions.

The operation of the register for the setting up of
a call is as follows:

At the beginning, X6 is in position zero.
sition 1 controls the tramsiation by Y1 of the two first
digits received. When X5 is in position 3 (two first
digits received) and when the relay 11 is operated,
X6 is stepped to position 1 because X6 energizes through
make contact of relay 11, contact x610 of x61 and
contact x513. ‘When the setting up of Y1 is completed,
relays 5 and 6 operate. Through their make contacts
and contact x611, X6 once more operates. It steps
to position 2, which is the first position in which a
proper chain is hunted for.” Three cases are to be con-
sidered:

(1) The cord circuit to which R4 is connected gives
access to a free connector in the hundred group of
the called subscriber. In this case, this fact is ascer-
tained in position 2 and the connection is set up through
the cord circuit of the connector which has been used
for the originating connection of the calling subscriber
to the register. The selector on the called subscriber’s
side of the cord and the connector on the called sub-
scriber’s side have now to be properly set up.

(2) If the cord to which R4 is connected does not
give access to a free connector on the called subscriber’s
side, the sequence switch X6 is stepped to position 3
and the finder RS tests all the cord circuits of the
group to which the seized cord belongs, that is to say
all the cords which can reach the connector which
has been used for the connection to the calling sub-
scriber. It is only necessary that one of those free
cord circuits gives access to a free connector on the
called subscriber side. If such a cord circuit is found,
it .will be used to handle the call. It is then only
necessary to set up the selector on the calling sub-
scriber’s side to the seized connector which is connected
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to the calling subscriber and to set up the selector and
the connector on the called subscriber’s side.

In order to test in priority all the cords belonging
to the groups of the seized cord, the arrangement illus-
trated in Figure 13 has been provided. In this figure,
different terminals of the banks rd48 of the finder R4
and of the bank 758 of the finder R5 have been repre-
sented.

Terminals 1, 2, 3, 4 and 5 of 748, which correspond
to the azimuth positions .giving access to the cords of
a same group, are multipled together and connected to
terminal 1 of bank 758 of the finder RS corresponding
to the azimuth position of the first cord in the same
group.  The other groups are connected in the same
way (terminals 6 to 10) of 48 multipled together and
connected to terminal 6 of #58. On the other hand,
the last terminals in each group on the bank 58 arc
grounded. In this way, the finder RS starts “hunting
in position zero of the sequence switch X6 as soon
as the register is seized through make contact of relay
2. The rotation goes on till the finder is stopped through
make contact of relay 11; this happens when RS reaches
the azimuth position corresponding to the first cord
circuit in the group to which the cord circuit seized
through ‘R4 belongs. It remains in this position till
the sequence switch X6 reaches position 3. In the same
time, RS starts hunting and stops if it reaches a proper
cord in the group, as will be explained later on. If
it does not find any proper cord, it reaches the last
azimuth. position marked by means of a ground con-
nected to r58. Relay 11 then stops the rotation and,
as it will be explained later on, the sequence switch X6
is stepped to position 4.

(3) If the hunting of sequence switch X6 in position
3 fails-to locate a cord in the group to which the seized
cord - belongs, any cord in the exchange is tested in
position 4.. If such a cord is found, it is necessary to

. direct the selector of the called: subscriber’s side to the

connector of the hundred group of the calling sub-
scriber, direct this connector (different from the seized
one) to the calling subscriber; direct the selector of the
cord on the called subscriber’s side to the connector
of the hundred group of the called subscriber, and then
set up this last connector. The sequence switch X6
positions are then the following:

0. Normal; )

1. Setting up of Y1,

2. Test of ‘the seized cord;

3. Test of cords of the group to which the seized
cord belongs;

4, Test of any cord;

5. Extinguishing of the thyratron;

6. Setting of  selector of the cord of the calling sub-
scriber’s side;

7. Extinguishing of the thyratron;

8. Setting of connector of the calling subscriber’s
side;

9. Connection on the -calling subscriber’s side and
extinguishing of ‘the thyratron;

10. Transient position;
.dll. Setting of the selector on the called subscriber’s
side;

12. Extinguishing of the thyratron;

13. -Setting of the connector cn the called party side;

14. Test of the called subscriber; if the called sub.
scriber is free, the commector and the cord circuit are
connected; if he is busy, the busy tone is transmitted
to the calling subscriber;

15. Transient position;

16. Transient position;

17. The switch steps back to normal;

18. Release of sequence switch X6.

It is seen that in the first case mentioned above, the
proper chain is found in position 2. The operations in
positions 3 and 4 are not used. The operations in posi-
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tions 6 and 9 are soon completed. Therefore, the se-
quence switch must be stepped from position 2 to posi-
tion 10. In the second case, the proper chain is found
in position 3. The operations in position 4 are not used.
Those provided in positions 8 and 9 are soon completed.
Therefore, the sequence switch must be stepped from
position 3 to position 5 and from position 6 to position
10.

It has been said that the sequence switch has been
stepped to position 2 as soon as the switch Y1 is set up.
Through x642, pulses are applied to y13 and gi. If the
seized cord gives access to a free connector, the conti-
nuity of wire al—a3 is realized and the pulses appear
in r46; through x612, they are applied to g2. The mag-
nitude of the pulses received is conditioned by the value
of resistances s1 and s2. As it has been mentioned, relay
S operates and energizes relay 10. RS5 rotates through
break contact of relay 12, make contact of relay 1§, make
contact x632. It is stopped when relay 12 operates
through contact x632, make contact of relay 16, winding
of relay 12, brush r57, brush #47 and battery potential
through make contact of relay 2 in the register (Fig.
12¢). As the terminals r47 and r57 have the same posi-
tion on the bank and are connected together, relay 12
is operated when RS reaches the same position as R4.
Therefore, R5 seizes the same cord as R4 since it is a
proper one. Relay i2 which has stopped R5 remains opet-
ated through its own make contact and break coatact of
relay 13. Relay 12 energizes switch X6 (sequernce switch)
through a make contact, and the sequence switch is
stepped until relay 13 operates, e. g. up to position 16
of the sequence switch. Relay 13 then operates through
contact x6710.

If relay 9 does not operate in position 2, relay 19 re-
mains also unoperated. In this case, the switch X6 ener-
gizes through a break contact of 1§ and contact x632.
The sequence switch is therefore stepped in position 3.
Switch R5 is started through break contact of il, con-
tact x673 and break contact of relay 9. It will be stopped
when the pulses generated through x643 and Y13 are de-
tected in g2 through R51 and x613. As these pulses pass
through a break contact of the cords and of the connec-
tors interconnected, it is ensured that RS has reached an
azimuth position corresponding to a free cord giving
access to a free connector of the called subscriber
hundred group. As it has been mentioned, the scanning
in position 3 is limited to the cords of the same group
rather than the group to which the seized cord belongs.
The connector to be seized in the calling subscriber’s side

in order to handle the call is consequently the one which

has been seized for the originating connection.

If relay 9 has been operated in position 3 and relay 14
(Fig. 12f) operates through make contact of 10 and con-
tact x633 it remains operated through two make con-
tacts and a break contact of relay 13 which will be oper-
ated in position 10, as it has been mentioned above, and
relay 14 will then be released.

The sequence switch X6 has been energized through
contact x663 and make contact of relay 9 (Fig. 12f). It
is to be noted that in position 4 X6 energizes once more,
through x664 and make contact of relay 14. It further
steps on to positions 8 and 9, due to the fact that X6
energizes threugh x668 or x66% and make contact of
relay i4.

If relay 9 does not operate in position 3, the sequence
switch X6 energizes when the finder RS has tested all
the group of cord circuits, that is to say when relay 11
operates (sce Figure 13). Switch X6 then steps to posi-
tion 4 through make contact of relay 11,

In this position a cord circuit is hunted for, while check-
ing that the connectors on the called and on the calling
subscriber’s side are free. To understand this controi
operation, it is necessary to note that Ré and R5 are set
up in the different cords. The connection marked be-
tween 47, 48, r57 and r58 does not exist in any position
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and #46 and r51 are not connected to the same point a3.
The connections to r46, r47 and r48 will not be used
in the same way in the operation of the circuit which will
be described Iater on. But the wires connected to the
brush 745, used for the originating connection in the cord
circuit CC1 which is different from the cord tested through
RS, have been shown. The switching devices which have
been used for the originating connection in the connector
CR1 and those which will be used to handle the call in
the connector CR2 have also been shown. The terminal
734 of the same azimuth position in all the cords is multi-
pled. This is used to mark the hundred group to which
the calling subscriber belongs. A wire b1, characterizing
one hundred group is connected to the point b (Figure
124). ¥From b1 to b3, the sketch is the same as the cii-
cuits ai—a3 (the circuit b1—>3 particular to each con-
nector comprising a make contact of relay 2 in the con-
nector, a resistor 55, and a rectifier ¢3). The point b3
in the connection b3—»4 belongs to a group of cords
giving access to the same connectors on the calling sub-
scriber’s side. The number of connections bd—ad con-
aected to b4 and comprising a rectifier ¢’3 is equal to the
number of cords in the group. The point a6 is connected
to the terminal r31, as has been mentioned.

The puises transmitted through x634, r45 and 734
reach point a6 if the cord circuit to which point aé be-
longs gives access to a free conmnector in the hundred
group to which the calling subscriber belongs. In this
same position, pulses are transmitted to vy13, as in posi-
tion 3 of the sequence switch, The pulses are also re-
ceived in a6 if the cord is free and if the connector of
the wanted hundred group to which it gives access is
also free. From Figure 14, it will more clearly be under-
stocod how pulses are applied to the grid g2. It is sup-
posed that the resistors st and s5 are of the same value,
5’2 having the same value as S. If the circnits shown
on the right-hand side and those shown on the left are
established, the magnitude of the pulses applied to g2
will be:

WXS
S-+¥a

if V is the magnitude of the pulses. If one of the two
circuits is opened, the amplitude will be reduced to

S
S8
with S=S, in the first case the magnitude is %4V and
in the second case
w
2
The magnitude is equal to zero if the two circuits are
opened.

The tube TV2 must therefore be operated with thp
magnitude of 24V and does not operate with a magal-
tude of

| 4

2

If ¥=30 volts for instance, we will have 20 volts in
the first case and 15 volts in the second one. With a
negative bias on grid g2, this difference is readily de-
tected.

In position 4 of the sequence switch X8, the switch
RS is energized through break contact of relay i2, con-
tact x674 and break contact of relay 9. It stops when
relay 9 operates, that is to say, when a proper cord cir-
cuit has been found. The sequence switch X6 then steps
to position 5, X6 being energized through contact x664,
break contact of relay 14 and make contact of relay
0, The thyratron is extinguished so that the sequence
switch steps to position 6, X6 being energized through
contact x665. As it has been stated above, position 6
is a position on which the sequence switch stops only
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if the wanted cord circuit has been found in position
3or4.

In position 6, the relay 5 of the marked cord circuit
is ‘energized through brush r54, contact x686 and 1,000
ohm resistance, thus marking the occupation of this cir-
cuit. But the relay 7 of the cord circuit, which is con-
nected in shunt, does not operate due to the fact that
its resistance is greater than the resistance of relay 5. The
relay 7 operates only when a direct ground is connected
through contact x688.

The switch R3 energizes through break contact of
relays 7 and 8 of the cord circuit, make contact of relay
§ in the cord circuit, brush #53, contact x676, and break
contact 9 of the register.

As in position 4 of sequence switch X6, the pulses are
sent through contact x636, brush 745, brush r34 of the
cord circuit CC1. They appear on terminals r34 of all
the cord circuits on the azimuth position, corresponding
to the hundred group of the calling subscriber. The
marked cord CC2 is started, as has been described; it
detects through its brush 734, the presence of pulses when
it passes onto an azimuth position corresponding to the
hundred group to which the-calling subscriber belongs.
It transmits these pulses to the grid g2 through break
contacts of relays 7 and 8 of the cord circuit, brush x52
and contact x616. The thyratron then operates, as well
as relay 9, and the rotation of the switch R3 is stopped.
The sequence switch X6 steps to position 7, due to the
fact that X6 energizes through contact x666 and make
contact of relay 9. It steps immediately to position 8
through contact x667. As has been noted, the position .8
is a position in which the sequence switch stops only if
relays 12 and 14 are not operated, that is to say, if the
proper cord has only been found in position 4.

In position 8, the relay 7 of the cord operates through
54, contact x688 and direct ground potential. It can
be seen that relay 7 connects brush 753 to the brush r31
and the brush r52 to the brush r35. On the other hand,
the connector to which cord CC2 is connected is a free
one and relays 1 and 2 are unoperated. The switch
R2 is then stepped through break contacts of relays 1
and 2 of the connector, second break contact of relay 2,
brush 731, make contact of relay 7 in the cord circuit,

reak contact of relay 8, make contact of relay S, brush
rS$3, contact x678, break contact of relay 9,

As in positions 4 and 6, pulses are transmitted through
contact x638, brush r45 and ‘brush r34 of the cord circuit
CCL. Terminals 734 are connected to brush r24 of the
connector through a rectifier C4. Terminals 24 in the
comnectors ‘of the hundred group corresponding to the
same subscriber -are connected together., The seized con-
nector CR2, when passing ornto the azimuth position on
which the connector CR1 is stopped, therefore receives
the pulses transmitted by the register through brush
r24, the pulses being transmitted to the grid g2 through
brush r34 of the cord, make contact of relay 7, break
contact of relay 8 of the cord circuit, brush r52, contact
x618. The thyratron then operates and controls the op-
eration of relay 9, so that the rotation of switch R2 is
stopped. The sequence switch X6 steps to position 9,
which - corresponds to the connection of the calling sub-
scriber ‘and to the extinguishing of the thyratron. For
the stepping to position -9, X6 is energized through con-
tact x668, break contact of relay 14, and make contact
of relay 9. ‘As it has been noted, this position is a tran-
sient one, if the proper cord has been found in position
2or 3 (relay 12 or 14 operated).

In position 8, the relays 1 and 2 of the connector are
always operated. The following circuit is then estab-
lished: ground potential through the 6 ohm winding of
relay -1.in cord CC1, brush 733, make contact of relay
2 of the connector CR1, rectifier C5, brush 723 of con-
nector CR1, brush r23 of connector CR2, relay 3 of con-
mector CR2, break contact of relay 2, brush r32 of cord
CC2, break contact of relay 8, ‘brush r55, relay 15 in
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the register, contact x679 and battery potential. The
relay 3 of the connector CR2 then operates, and the relay
2 also operates through the following circuit: ground
potential through the 300 chm winding of relay 3 in the
cord circuit CC2, brush £33, relay 2 of the connector
CRZ2, make contact of relay 3 of the connector CR2. The
relay 2 then operates and remains operated ‘through its
own make contact. The relay 3 of the cord circuit CC2
also cperates in series with relay 2 of the connector CR2;
it connects its 6 ohm winding through its own make con-
tact which holds the test relay of ‘the calling subscriber.

Due to the rectifier C5 of connector CR1, the ground
potential, through the 6 chm winding in cord CC2, can
not hold relay 2 of connector CR1; this allows the re-
lease of said relay and also the release of connector CR1
just by connecting the ground potential through 6 chms
of relay 1 in cord CC1. Relay 15 in the register .op-
erates at the same time as relay 3 of connector CR2. The
energizing of relay 2 of the connector releases these two
relays. Relay 15 of the register, through its make con-
tact, energizes X6 which is on the other hand connected
to the battery through contact x619 so that its circuit
is not broken by its interrupter contact.

The sequence switch steps to position 10 when it ‘is
de-energized, that is to say when relay 15 falls back. So
it is ensured that the connection is completed, Posi-
tion 10 is a transient one. X6 once more energizes
through x6618, and the sequence switch steps to position
11, which is the position in which the selector on the
called pasty side is set up. In'position 10, relay 13 (Fig.
12b) operates, causing the release of relays 12 and 14
which were identifying the fact that the proper cord had
been found on ‘positions 2 and ‘3. The-following opera-
tions are similar in the three cases. Relay 18 (Fig. 12¢)
which has been operated through make contact of relay
12 is maintained operated and its function will be ex-
plained later on,

In position 11 of the sequence switch X6, relay 8
operates through brushes R56 and contact x631i1. 1t
remains operated till position 15 of the sequence switch.
It allows the extension in the cord circuit of the ‘control
wires. of the rotary switch and of the control wires on the
called subscriber’s side.

On the other hand, relay 7 releases, the contact x6811
providing a feeding through 1,000 ohms, which is - suffi-
cient for the relay 5 of the cord circuit, but is insufficient
for relay 7. The switch R6 of the selector in the cord
circuit on the called subscriber’s side, is then fed through
break contact of relay 7, make contact of relay -8, make
contact .of relay 5, brush r53, contact of relay x6711
and break contact of relay 9. The switch R§ rotates till
the operation of relay 9. Pulses-are transmitted on ‘the
one hand to the ‘grid ¢l through contact x64%1 and on
the other hand to the muitipled control terminals r64 of
the cord circuits through contact x6411, -bank y13, point
al, break contact of relay 2 of the selected connector, re-
sistance s1, point 42, and terminal 764, The brush r64
directs the received pulses to.the .grid -g2 through break
centact of relay 7, make contact of relay 8, brush 752 and
contact x6111. When the switch Ré passes over -the
marked position, tube TVI operates and controls -the
operation of the .thyratron and of relay 9 ‘which stops
switch. Relay ‘19 also operates, The sequence switch
then steps to positicn 12 through x66%1 and make con-
tact of relay 9, said position corresponding to the ex-
tinguishing of the thyratron. Sequence switch X6 steps
to position 13 (control of the rotation of the connector
on-the called subscriber’s side) through x6612 and x516.
To control the rotation of the connector ‘on the called
party side, it is necessary that the two -last characters
of the called subscriber be received and translated by
switch Y2. As soon as these operation. are completed,
switch x6 steps to position 13. In this position, relay §
of the cord operates threugh brush r54, contact x6812
and ground potential. Switch R7 of the connector on
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the called party side is then energized through break con-
tacts of relays 1 and 2 of the connector, another break
contact of relay 2, brush r61, make contact of relays 7,
8 and 5 of the cord, brush r53, contact x6713, and break
contact of relay 9. The rotation goes on till the opera-
tion of relay 9. Pulses are transmitted on the one hand
to grid g1 through contact x6413 and on the other hand
through the multipled control terminals #74 of the con-
nectors through contact x6413, bank y23 and terminals
r74. Brush r74 directs the received pulses to grid g2
through brush r65, make contacts of relays 7 and 8 of the
cord, brush 52 and contact x6113, When the switch R7
passes over the azimuth position of the wanted subscriber,
tube TV1, the thyratron and relay 9 operate, stopping
the rotation of connector R7. Sequence switch X6 ener-
gizes through contact x6613 and make contact of relay 9.
It steps to position 14 which corresponds to the test of
the called subscriber.

If the subscriber is free, the test relay 16 operates
through the following circuit: ground potential, relay 16,
contact x§714, brush r55, make contact of relay 8 of the
cord circuit, brush r62, break contact of relay 2 of the
connector, relay 3 of the connector, brush 73, 1,000 ohm
winding of the cut off relay 2, battery. In this case, the
cut off relay does not operate, while relay 3 of the con-
nector and relay 16 of the register operate.

Relay 2 of the connector operates also through make
contact of relay 3, brush r63, break contact of relay 9,
and the same circuit, as for relay 3. The relay 2 causes
the release of relay 3 of the connector while it remains
operated through its own make contact. Through its own
make contact, relay 16 of the register shunts itself by
means of its 6 chm winding. The cut off relay 2 of the
subscriber then operates through brush r63 and make
contact of relay 2 of the connector, while the sequence
switch X6 energizes. A ground potential is provided
to the szquence switch X6 through contact x6614 and
make contact of relay 16.

On the other hand, a battery is connected through
contact 26114, The sequence switch therefore remains
energized and it does not step off position 14. Tt will
leave this position upon the release of relay 16. Through
a.nother make contact, relay 16 connects a ground poten-
tial through 1,000 ohms on brush 59. Relays 9 and 15
qf the cords are fed in parallel, but due to the above men-
tioned resistance, only relay 9, whose resistance is lower
than the resistance of relay 15, is operated; it then oper-
ates tpe make comtact through which a ground potential
is maintained on terminal r63 in order to lock relay 2 of
the connector and the cut off relay of the subscriber. It
cut-s off the feeding of relay 16 of the register and sequence
sywtch X6 steps to position 15, which is a transient posi-
tion, and the switch moves to position 16. In position 16
of the sequence switch, if the subscriber is free, relay 17
fioes not operate. It operates only when the subscriber
is busy. In the first case, the register connects a ground
potential through 1,000 ohm (which is obtained in posi-
tion 14 through make contact of relay 16) through con-
tact x6815 and terminal r59. Relay 9 of the cord remains
therefore operated. In the second case, relay 17 is operat-
ed and the sequence switch reaches position 16.

Through its make contact and contact x6815 it places
a ground potential without resistance on brush r59. Re-
lays 9 and 15 of the cord CC2 operate in parallel.

The cord operates then as follows (see Figs. 154 and
15b): if the called subscriber is free, as soon as relay 9
operates, it remains operated through its own make con-
tact3 m.ake contact of relay 3, break contact of relay 15.
A ringing A. C. is transmitted alternatively with a direct
grqund on the line wires to the subset of the called sub-
scriber through make contact of relay 9, break contact
of relay_ 15, break contact of relay 11, brush r61, con-
nector line wire and subscriber set, back to brush r62,
break contact of relay 11, make contact, of relay 9, relay
11, battery. Relay 11 which is not responsive to the ring-
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ing current, operates only when the called subscriber
lifts up his receiver, due to the flow of direct current.
Relay 11 then finds a holding circuit through its own make
contact, break contact of relay 15, make contact of relay
3, ground potential.

As soon as relay 11 operates, the called subscriber cir-
cuit is fed through relay 12 which operates, and through
a make contact, provides a holding potential for relays
% and 11,

The release and the metering are provided as follows:

The calling subscriber holds the relay 3 as long as he
does not hang up his receiver; the called subscriber holds
the relay 12 in the same way. As soon as the two sub-
scribers hang up their receivers, the relays 3 and 12 fall
back. The last relay, which falls back, cuts off the ground
potential which was used to hold the relays 9 and 11.
When the relay 9 releases, it cuts off ground potential
which was used to hold the relays 2 of the connector and
of the subscriber circuit through brush 763; these relays
rclease. The relay 11 being slow to release, does not
£all back immediately, thus allowing the operation of the
metering relay 14 throngh a break contact of relay 3,
a make contact of relay 11 and a break contact of relay
12. The relay 14 is held through its make contact and
make contact of relay 2.

The relay 14, while operating, places a 50 volt positive
battery on brush r33; this battery is used, through make
contact of relay 2, to operate the metering device of the
calling subscriber (relay 3 in line circuit) which is paral-
le! connected with the cut off relay 2. The relay 14 dis-
connects relay 1 in the cord circuit and the relay 1 re-
leases.

The relay 14 also operates the relay 13 (release). The
relay 1, while falling back, opens the energizing circuit
of relay 2, which is a slow release relay. When the relay
2 falls back, it opens the circuit of relay 14 which falls
back and deenergizes the relay 13. The relay 13 is &
slow release relay which allows the falling back of the
relay 2 of the connector and of the cut off relay of the
line circuit, before the ground potential is reconnected
to the 300 ohm winding of relay 1 of the cord circuit,
after the falling back of the busy relay 6 which was held
by relay 2. When the called subscriber is busy, as soon
as the direct ground potential placed through the brush
B9 of the register is disconnected (position 17 and fol-
lowing of the sequence switch X6), the relay 9 falls back
and the holding circuit is open, due to the fact that relay
15 is energized. When relay 9 falls back, the devices
on the called subscriber side are released, as has been
explained above. The relay 15 remains energized through
make contact of relay 3. A busy signal is transmitted
through make contact of relay 15 over the line of the
calling subscriber. As soon as this subscriber hangs up,
the supervision relay 3 falls back and disconnects relay
15. ‘This relay is slow to release and before falling back
it allows the operation of relay 13 through a break con-
tact of relay 3 and a make contact of relay 15. The re-
lay 13 disconnects the ground potential connected to relay
1, which opens the holding circuit of the connector and
causes the release of the chain on the calling subscriber
side. The relay 1, when releasing, disconnects the relay
2 which then releases the occupation relay 6 in the cord
circuit, which thus can be seized by a subscriber or a
register.

When the called subscriber does not answer, the re-
lease is completed as follows:

During the transmission of the ringing current, the
relay 9 in the cord circuit is energized and the relay 11
is unoperated. As soon as the calling subscriber realizes
that the called subscriber does not answer, he replaces
his receiver and relay 3 in the link circuit restores. The
relay 13 operates through a make contact of relay 9, a
break contact of relay 11, and a break contact of relay
3. The release of the chain is completed as in the case
of a busy called subscriber. :
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“The:sequence-switch X6-does not:stand-on positions 14,
15-and“16. “The register‘is no longer used to handle ‘the
call, -and ‘the 'sequence 'switch X6 Teaches - position 17
‘through x6615 and x6616.

1t'is to be noted ‘that ‘except in the case in which the
cord -circuit initially seized -is ‘a ‘proper one, ‘the sib-
scriber is-connected to the register -through two chains:
connector CR1, cord circuit ‘CC1 ‘and finder ‘R4 on one
hand, andconnector CR2, cord circnit CC2 and finder
RS5 on the other hand. 'The first chain'is no longer used
if -all the digits have been received and it might be re-
leased. All the digits are received ‘when the sequence
switch X5 is on or off position 5. The position 5 corre-
sponds, as it has been noted, to thesetting up of the mark-
ing switch Y2. When this is completed, X5 steps to posi-
tion 6, since it energizes through make contact of relays
7 and ‘8 (Fig. 12f). ‘In’position 6 of X5 the sequence
switch X6 steps from position 12 to position 13. The
sequence switch X6 energizes in position 12 through con-
tact x6612 and x516. It is in position 7 of switch X5 that
the finder R4 is released. The sequence swiich X5 ener-
gizes through x526 and x6817. In position 16 of the
sequence switch X6, one of the two relays 8 or 15 of the
cord circuit (Figure 15b) is energized, as it has been
stated -above, and therefore the relay 1 of the register
releases and causes the relay 4 of the register and the
relay 4 -of the cord circuit to restore.

Two cases must be distinguished:

If the cord circuit which has been used for the originat-
ing connection has been ‘selected to handle the call, the
relay 18 (Fig. 12c) is energized. Tt was operated when
the relay i2 was energized, and it is held through bank
contact x83 until the switch X8 steps to position zero. In
this case, the cord circuit to which the finder R4 is con-
nected dces not have to be released. The circuit which
has been used in the register to register the called sub-
scriber number is released, since the switches X1, X2, X3,
X4, X5 energize through their banks x12, x22, x32, x42
and through contact X517, so that they reach position
zero. When they have all reached position zero, the
switch X5 also steps to position zero through contact
x110, x210, x316, x410 and bank x53. )

It is not necessary to modify the position of switches
Y1 and Y2.

If a different cord has been seized, it is necessary to
release this cord and the seized connector. In this case
the relay 18 is unoperated. Through its break contact
and contacts x547 to x5418, a ground potential is applied
to wiper 43 in order to operate the release relay 13
through a break contact of relay 4 in the cord circuit (see
Figure 15a). The relay 13 disconnects the ground po-
tential which feeds the relay 1 of the cord circuit, which
releases and causes the falling back of relay 2 of the
seized connector. Since the rectifier C5 is connected be-
tween r33 and 723, the relay 2 cannot be energized by a
ground potential of another seized connector through the
multiplied terminals r23. The connector and the cord
circuit are then available for another call. Switches Xi,
X2, X3, X4, and X5 are in normal position. The se-
quence switch X§ then steps to position zero through con-
tact x6617 to x6621 and contact x510. Thé register is
then available for another call, its availability being char-
acterized by the connection of the switch R4 to the com-
mon starting point in the cord circuit. This continuity is
provided through a contact x630 which is closed only
when the switches X6 and X5 are in position zero.

It may happen that the switching devices of the chain
which has been seized in position 2, 3 or 4 of the sequence
switch is seized for another call during the period before
the seizure of the corresponding devices. In this case, the
register must carry out another test and consequently
comes back to position 2. If it is assumed, for instance,
that the connector on the called subscriber side has been
taken for another call before its connection to the cord
circuit, the rotation of the switch R6 goes on, since the
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pulses are not recéived ‘in ‘a2, “the circuit being ‘open -at
break contact of relay 2. “The abnormal duration ‘of the
rotation of the switch, ‘for instance ‘4 seconds, is found
out by means of relay 19 connected to wiper r53 and: con-
sequently through contact x6711 to which is connected a
ground potential through break contact of relay 9. If a
baitery potential is applied ‘to point C45, four 'seconds
after the beginning of edch hunting, the felay 19 operates
if this hunting does not succeed. It-holds through its own
contacts and-energizes the sequence switch X6 through its
make contact. The seqiience switch ‘steps until the fall-
ing back of the relay '19, ‘which ‘appears at ‘the falling
back- of relay 20, that is to say, in-position 2 ‘through-co-
tact x682.

In the different figures, it has'been-s'hownthat the con-
nector on the calling subscriber’s side is similarto that on
the called subscriber’s side. If some: diffeérence appears
on Figures 12a and 125, for instance, it is due to the fact
that all the connections ‘have not been ‘reépresented. It
appears therefore that a connector-can be ‘seized as well
for an incoming call as for an-outgoing ‘call, The con-
necting devices form only one group instead of two
(finders and connectors in most of the known systems).
However, it is to be noted that a difficulty may arise in
the establishment of a call between two subscribers be-
longing to the same hundred group. Tt may happen that
the connector on the calling subscriber sids is the ‘same
as the connector on the called subscriber’s side. In such
a case, the communication can be completed, and this case
is one of those which have been ‘stated above, that is to
say, the case in which the sequence switch of the register
steps to position 2. It seems advisable to avoid this pos-
sibility and it is easy to provide means, for instance, to
avoid the seizure of cords having ‘access on ‘the calling
subscriber’s side and ‘'on the called subscriber’s side by con-
nectors having the same rank.

An automatic ‘telephone ‘exchange design according to
the present invention and in which lesser number of
switching devices are used to handle a call (for 100 point
switching devices instead of 5 in known systems) has a
very good efficiency because the cord circuits are calcul-
ated in perfect groups, as has been explained.

From the above description, it will be noted that the
register is no more complicated than in the other systems
designed in the last few years.

While I have described above the principles of my in-
vention in connection with specific apparatus, it is to be
clearly understood that this description is made only by
way of example and not as a limitation to the scope of my
invention.

What is claimed is:

1. An automatic telephone system comprising a plural-
ity of lines, a plurality of connecting circuits including
cord circuits between a calling line and a called line,
registering means for registering the identity of a called
line in response to signals transmitted from a calling line,
means in said registering means for producing signals,
means for transmitting said signals to said called line over
a path independent of said connecting circuits, means in-
cluding a free one of said connecting circuits for transmit-
ting said signals from said called line over the cord circuit
of said connecting circuit to said registering means, and
means in said registering means responsive to the receipt
of said signals for completing the connection through said
connecting circuit;

2. An automatic telephone system comprising a plural-
ity of lines, a register, finder switches and selector switches
adapted to be interconnected to form connecting circuits
between a calling line and a called line under the control
of said register, means for connecting said selector
switches in pairs to form cord circuits adapted to handle
any call from one of said lines to another, means for con-
necting said register to a calling line over a free cord cir-
cuit, means in said register for registering the identity of
a called line in response to signals transmitted from said



2,735,893

23

calling line, a finder switch to which the called line is
available, means in said register for producing signals,
means controlled by said means for registering the identity
of said called line for transmitting said signals to said
called line over a path independent of said connecting
circuits, means in the register for operating said finder
switch to hunt for said called line, and means responsive
to said signals received over said finder switch and cord
circuit for stopping said finder switch on said called line.

3. An autotomatic telephone system, according to claim
1, in which the means in the register for producing sig-
nals produces pulses at a predetermined recurrence rate.

4. An automatic telephone system, according to claim
3, in which there are a plurality of registers, and the
pulse producing means in each register produces pulses
having a different time position with respect to the pulses
of every other register.

5. An automatic telephone system in which hunting
for a proper connecting circuit is accomplished, compris-
ing a plurality of lines, a plurality of switching devices
including a first free finder switch adapted to be con-
nected to a calling line, a second free finder switch
adapted to be connected to a called line, and a free cord
circuit adapted to be connected on one side to said first
finder switch and on the other side to said second finder
switch, a connecting lead in each switching device, means
for insuring the continuity of said lead when said switch-
ing device is free and for causing the discontinuity of
said lead when said device is engaged, a register, means
for connecting said register to said calling line, means in
"said register for producing a signalling current, means
for applying said signalling current from said register
through said connecting means to the leads of the first
finder switches having access to the hundred group to
which the calling line belongs, a marking switch in said
register adapted to be set up according to the digits of
the second called subscriber’s number, means for ap-
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plying said same signalling current from said register
through said marking switch to said Ieads of the second
finder switches having access to the hundred group to
which the called line belongs, means controlled by said
register for causing said register to hunt for a proper
free cord circuit having access, on one side, to the marked
first finder switches, and on the other side, to the marked
second finder switches, means in the register for testing
the signalling currents received by said register through
the free cord circuits from the marked first and second
finder switches, and means responsive to said last-men-
tioned means for completing the connection from said
calling line to said called line.

6. An automatic telephone system, according to claim
5, in which there are a plurality of registers and the sig-
nalling currents supplied by the registers consist of re-
current pulses of proper duration and magnitude, the
time position of which within a basic cycle characterizes
the registers.

7. An automatic telephone system, according to claim
5, in which the means for connecting the register to the
calling line comprises means for hunting for a free con-
necting circuit adapted to connect the calling line to the
called line comprising a first finder switch and a cord
circuit which is different from the switching devices used
for the final connection.

3. An automatic telephone system, according to claim
5, in which there are a plurality of registers and the sig-
nalling currents supplied by the registers consist of alter-
nating current of distinct frequencies, each frequency or
combination of frequencies characterizing a register.
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